Background
==========

Nosocomial pneumonia is a definition used for pneumonias that begin in a non-intubated patient after 48 h of admission. It is the second most common hospital-acquired infection \[[@b1-medscimonit-24-1321]\]. This common infection type causes extended length of hospitalization and increased mortality \[[@b2-medscimonit-24-1321],[@b3-medscimonit-24-1321]\].

Ventilator-associated pneumonia (VAP) was defined as pneumonia that develops more than 48 h after patients are intubated and receive mechanical ventilation \[[@b1-medscimonit-24-1321],[@b4-medscimonit-24-1321],[@b5-medscimonit-24-1321]\].

The mortality rate of VAP generally ranges between 25% and 50%; however, it may increase to 70% in some cases. According to the data of the National Nosocomial Infections Surveillance (NNIS) System, approximately 2.4--14.7 of pneumonia cases develop in 1000 ventilator days \[[@b1-medscimonit-24-1321],[@b6-medscimonit-24-1321],[@b7-medscimonit-24-1321]\].

There are several risk factors affecting the development of VAP. Some of these risk factors may already be present at admission to the intensive care unit (ICU), such as advanced age, presence of a respiratory or cardiovascular system disease, organ failure, burns, trauma, acute respiratory distress syndrome (ARDS), gastric colonization, sinusitis, high-volume gastric aspiration, and seasonal changes \[[@b6-medscimonit-24-1321],[@b8-medscimonit-24-1321]\]. Others include the risk factors that develop and can be changed during the diagnosis and treatment processes in the ICU. These risk factors influence development by impairing the defense mechanisms of the host.

The independent risk factors for mortality in VAP in the literature were found to be high Acute Physiology and Chronic Health Evaluation II (APACHE II) score and Sequential Organ Failure Assessment (SOFA) scores; inappropriate antibiotic therapy; diabetes mellitus; tracheostomy; Confusion, Urea, Respiratory rate and Blood pressure (CURB) score ≥3; high C-reactive protein levels; high creatinine levels; VAP-related septic shock; and chronic respiratory disease \[[@b4-medscimonit-24-1321]\].

Having information about bacteria, antibiotic susceptibilities, and prognostic risk factors in ventilator-associated pneumonia may play a significant role in reducing morbidity and mortality caused by VAP. Therefore, we aimed to identify the epidemiological characteristics and the factors affecting prognosis for patients being monitored or treated for VAP in the Department of Anesthesiology and Critical Care.

Material and Methods
====================

This single-center study was conducted with approval (no; 2011-10/9 dated 10.05.2011) of the Medical Research Ethics Committee of Uludag University, Faculty of Medicine. Patients admitted to the ICU between June 2002 and June 2011 and who developed ventilator-associated pneumonia after admissions to the ICU were included in the study. The informed consent requirement was waived because this was a retrospective study. The records of the first pneumonia attacks of these patients were analyzed retrospectively.

The study involved patients aged over 18 years old who underwent mechanical ventilation for more than 48 h. We recorded data on age, sex, location and cause of ICU admission, presence of chronic disease(s) \[diabetes mellitus (DM), hypertension (HT), congestive heart failure (CHF), coronary artery disease (CAD), chronic renal failure (CRF), a regular dialysis program, chronic obstructive pulmonary disease (COPD), neurological disease, and malignancy\], use of steroids and immunosuppressive therapy, and a history of surgery.

For the diagnosis of nosocomial pneumonia, aside from the development of pneumonia within at least 48 h after hospital admission and the presence of new or progressing infiltrates in the chest radiography, at least 2 of the following criteria should be present: (i) temperature \>38°C; (ii) leukocytes\>10000/mm^3^ or \<4000/mm^3^; (iii) purulent bronchial secretion (i.e., leukocytes\>25) and the presence of 10 or fewer epithelial cells in the gram-staining examination of deep endotracheal aspirate (ETA) (10x); and (iv) decline in oxygenation \[[@b4-medscimonit-24-1321],[@b5-medscimonit-24-1321]\].

Ventilator-associated pneumonia was defined as pneumonia that developed more than 48 h after patients were intubated and received mechanical ventilation. Ventilator-associated pneumonia which developed within 4 days after mechanical ventilation was defined as early-onset ventilator-associated pneumonia, while those which developed after 4 days were defined as late-onset ventilator-associated pneumonia.

APACHE II score and Glasgow coma score (GCS) were calculated within 24 h of admission to the ICU. The SOFA scores of patients were calculated within 24 h following admission to the ICU, and another SOFA score was calculated on the day of the diagnosis of VAP.

Mechanical ventilation values on the day of VAP \[tidal volume, positive end-expiratory pressure (PEEP), and partial oxygen pressure/administered oxygen% concentration (PaO~2~/FIO~2~)\] were recorded for all patients.

„Appropriate therapy" and „inappropriate therapy" referred to empiric antibiotics. The use of ineffective antibiotic therapy according to *in vitro* results (resistant or intermediate) within the 24 h after the diagnosis of VAP was defined inappropriate, and the use of effective antibiotic therapy (*in vitro* sensitive) was defined appropriate \[[@b9-medscimonit-24-1321],[@b10-medscimonit-24-1321]\]. Duration of mechanical ventilation, length of ICU and hospital stay, and 14-day and 28-day mortality rates were recorded for all patients.

Statistical analysis
--------------------

In this study, median (Interquartile range) values were used as descriptive statistics of the continuous variables, while numbers and relevant percent values were used to express categorical variables. Normality of the continuous variables was assessed by Shapiro-Wilk test. According to normality, test results between mortality group comparisons of continuous variables were performed by using independent samples *t* test or Mann-Whitney test, while the Wilcoxon test was used for within-group comparisons of variables. Categorical variables were compared between mortality groups using the chi-square test. Logistic regression analysis was performed to identify the independent risk factors that were thought to affect mortality. Calibration was tested using the Hosmer-Lemeshow goodness of fit statistic. Regarding mortality, the ROC (receiver operating characteristic) curve analysis was performed to specify the cut-off points for the SOFA score and APACHE II score, and sensitivity, specificity, and AUC (area under the curve) values were identified. The measure of discrimination (Nagelkerke R2) was calculated. p\<0.05 was considered as statistically significant. Study data were analyzed using SPSS version 14 (Chicago, IL, USA).

Results
=======

The study population included 167 patients with the diagnosis of VAP who were followed at the ICU between June 2002 and June 2011. No statistically significant difference was observed between the deceased and surviving patients with respect to their age, sex, location before admission to ICU, reasons for mechanical ventilation, and underlying diseases ([Table 1](#t1-medscimonit-24-1321){ref-type="table"}).

When the Glasgow Coma Score, PEEP values, (in)appropriateness of empirical therapy, development of secondary bacteremia, use of steroid, and dialysis were analyzed for each patient, there was no statistically significant difference between deceased and surviving patients ([Table 1](#t1-medscimonit-24-1321){ref-type="table"}).

There was a statistically significant difference between surviving and deceased patients with respect to their APACHE II score, SOFA score, and PaO~2~/FIO~2~ ratio on admission to the ICU as well as the duration of mechanical ventilation before diagnosis of VAP ([Table 1](#t1-medscimonit-24-1321){ref-type="table"}).

The median time from hospital admission to occurrence of VAP was 9 days (range, 3--22). The median time from intensive care unit admission to occurrence of VAP was 9 days (range, 7--18).

Length of stay (LOS) in the ICU was 50 days (range, 9--272) in the surviving group and 16 days (range, 7--27) in the deceased group. LOS in the hospital was 53 days (range, 9--272) in the surviving group and 17.5 days (range, 7--52) in the deceased group. There was a statistically significant difference between surviving and deceased patients in length of stay in the ICU and in hospital days (p\<0.001; p\<0.001, respectively).

The distribution of the causative microorganisms on the day of admission to hospital and ICU is shown in [Table 2](#t2-medscimonit-24-1321){ref-type="table"}. When early- and late-onset pneumonia causes were compared according to ICU and hospital admittance, resistant bacteria were found to be more common in pneumonias classified as early-onset according to ICU admittance ([Table 2](#t2-medscimonit-24-1321){ref-type="table"}). Carbapenem resistance was 61.3% for *Acinetobacter baumannii*, 43.9% for *Pseudomonas aeruginosa,* and 50% for *Klebsiella pneumonia.*

The cutoff point of the SOFA score for mortality was \>6 while the cutoff point of APACHE II score was found to be \>21([Table 3](#t3-medscimonit-24-1321){ref-type="table"}). Receiver operating characteristic (ROC) curves of APACHE II and SOFA scores was shown in the [Figures 1](#f1-medscimonit-24-1321){ref-type="fig"} and [2](#f2-medscimonit-24-1321){ref-type="fig"}.

To determine the risk factors affecting mortality, patients who died and those who survived at 28 days were compared. Univariate analysis showed that APACHE II scores on admission, SOFA scores on admission, and SOFA scores at VAP diagnosis were significant risk factors and were included in the multivariate logistic regression analysis. SOFA scores at VAP diagnosis were independent risk factor for mortality \[(p\<0.001; OR(95%CI): 1.4(1.2--1.6)\], but APACHE II scores on admission \[(p=0.661; OR(95%CI): 1.2(0.5--3.3)\] and admission SOFA scores \[(p=0.301; OR(95%CI): 2.1(0.5--7.6)\] were not statistically significant. A 1-unit increase in SOFA score on diagnosis increased risk of 28-day mortality by 1.4 times.

The logistic regression model was significant (p\>0.001) and compatible with the data (R2=0.15, p=0.432).

When mortality was analyzed for the 167 study patients, the 14-day mortality was 10.2% (n=17) and the 28-day mortality was 25.1% (n=42).

Discussion
==========

In the present study, patients admitted to the ICU and who developed VAP were retrospectively analyzed. *Acinetobacter baumannii, Pseudomonas aeruginosa,* and *MRSA* were the most common causative bacteria. While the APACHE II score on admission was significantly associated with ICU mortality, SOFA score \> 6 was an independent risk factor for mortality. On the other hand, inappropriateness of empirical antibiotic therapy, presence of secondary bacteremia, use of steroids, and dialysis were not found to be associated with increased mortality. The 14-day mortality after VAP diagnosis was 10.2% and the 28-day mortality was 25.1%.

When the etiology of VAP was analyzed, Streptococcus pneumoniae, Haemophilus influenzae, Klebsiella pneumoniae, and MSSA were found to be more common in early-onset VAP, whereas Pseudomonas aeruginosa, Acinetobacter baumannii, and MRSA were more frequent in late-onset VAP. Many studies have reported that prolonged hospital stay and earlier use of antimicrobial therapy alters respiratory tract flora \[[@b11-medscimonit-24-1321]--[@b13-medscimonit-24-1321]\]. An earlier prospective study reported that the variety of microbiological oropharyngeal samples obtained on admission to the ICU varied greatly according to length of hospital stay before ICU admission.

Another study reported that patients staying in the hospital for more than 48 h are more likely to be colonized with *Pseudomonas* spp and MRSA \[[@b14-medscimonit-24-1321]\]. In the present study, *Acinetobacter. baumannii*, *Pseudomonas aeruginosa*, *Klebsiella pneumoniae*, and *MRSA* were the most common microorganisms seen in early-onset VAP. Locations from which the patients came and earlier antibiotic use were analyzed for each patient, and most identified to have stayed in the hospital for longer than 48 h before admission to the ICU and to have received antibiotherapy. Therefore, this condition should be taken into consideration for antibiotic preference when planning treatment for VAP patients. Chastre et al. \[[@b6-medscimonit-24-1321]\] demonstrated that LOS and prior antibiotic treatment were the major risk factors for resistant bacteria in VAP.

The APACHE II score is frequently used for evaluation of the severity of the medical condition of patients admitted to the ICU and identification of ICU mortality. APACHE II, however, is a scoring system in which age and chronic diseases of the patients are analyzed, together with the acute physiological changes \[[@b15-medscimonit-24-1321]\]. Scores calculated at the time of diagnosis of VAP were reported to be independent risk factors for mortality \[[@b16-medscimonit-24-1321]--[@b19-medscimonit-24-1321]\]. It has been reported that there may be a 75% increase in mortality rate in case of an APACHE II score of \>15 calculated at the time of diagnosis of VAP \[[@b19-medscimonit-24-1321]\]. The APACHE II value may change after improvement of the hemodynamical changes occurring at the time of admission to the ICU or on diagnosis of VAP. In this case, the scores are influenced by age and the severity of the underlying disease(s). In the present study, APACHE II score was used to identify the severity of the medical condition at admission to the ICU. Although patients with higher APACHE II scores had higher mortality rates and these were found to be statistically significant according to univariate statistical analysis, the logistic regression analysis performed for APACHE II scores over 21 revealed that it was not an independent risk factor for mortality. APACHE II scoring does not include the effects of mechanical ventilation and the use of vasopressor drugs, so it may be ineligible for identification of organ dysfunction and mortality caused by VAP.

It is known that the presence of infection further contributes to organ disfunction. The SOFA scoring system can distinguish disfunction of different organ systems and has a predictive value for survival. However, high SOFA scores (SOFA score\>13) can predict severe organ failure and therefore high mortality. For this reason, SOFA cut-off points and organ dysfunctions may vary in different patient groups. In the present study, the SOFA score at the time of VAP diagnosis was higher in deceased patients. In ROC analysis, AUC was 0.821, similar to the values obtained in earlier studies (AUC ranging from 0.61 to 0.88) \[[@b20-medscimonit-24-1321],[@b21-medscimonit-24-1321]\]. Gursel et al. \[[@b14-medscimonit-24-1321]\] found a sensitivity of 70% and a specificity of 83% for mortality in their study involving patients with a SOFA score of \>4. Boeck et al. \[[@b21-medscimonit-24-1321]\] reported that the mean SOFA score was 9 in deceased VAP patients, and it significantly increased mortality. In the present study, the logistic regression analysis conducted for SOFA score of \>6 was determined to be significant in the multivariate analysis \[(p\<0.001; OR (95%CI): 1.4(1.2--1.6)\] (i.e., a 1-unit increase of diagnosis SOFA score increases risk of 28 days mortality by 1.4 times). Hence, calculating SOFA score at the time of diagnosis or taking serial measurements may provide valuable information for prognosis of VAP in the ICU \[[@b21-medscimonit-24-1321]\].

There are some specific points to be taken into consideration before starting antibiotic therapy in patients diagnosed with VAP, because determining the empirical antibiotherapy is crucial in the treatment. While choosing the antibiotic to be commenced, local flora and previous antibiotic use should be taken into account. Studies have reported that appropriate antibiotherapy can decrease mortality by up to 38% while inappropriate antibiotherapy can cause a 90% increase in mortality \[[@b1-medscimonit-24-1321],[@b22-medscimonit-24-1321]\]. Irequi et al. \[[@b23-medscimonit-24-1321]\] found that despite selection of an appropriate antibiotic, the extended time used for prescribing and administering the medicine caused increased mortality. Porzecanski et al. \[[@b24-medscimonit-24-1321]\] confirmed that early and accurate diagnosis and use of appropriate antibiotics decrease mortality. Nevertheless, the effect of inappropriate empirical antibiotherapy on mortality was not significant in the present study, possibly because this was a retrospective study, so the time of initial antibiotic therapy, diagnosis, and treatment could not be standardized.

Studies have affirmed the presence of 8--20% bacteremia in every episode of nosocomial pneumonia \[[@b25-medscimonit-24-1321],[@b26-medscimonit-24-1321]\]. Agbaht et al. \[[@b27-medscimonit-24-1321]\] reported the rate of secondary bacteremia development in their subjects was 17.6%. Development of secondary bacteremia is more commonly seen in late-onset VAP and in patients with a history of hospitalization. Mortality is reported to be up to 40.6%, depending on the causative microorganism and use of vasopressors in patients with secondary bacteremia \[[@b28-medscimonit-24-1321]\]. In the present study, the rate of bacteremia was 10%. It was more common (64%) in late-onset infections, and bacteremia was not identified as a risk factor according to statistical analysis. This may have resulted from the diversity of the causative microorganisms, antibiotic susceptibility, and differences in underlying diseases.

We have estimated the 14-day mortality to be 10.2% and 28-day mortality to be 25.1% in VAP. Studies in the literature have generally examined the 28-day mortality, and their results agree with the findings of this study. We found that 14-day mortality was lower than 28-day mortality. Various factors may cause higher 28-day mortality, such as non-infectious causes, relapse of infection, and onset of a new attack or sepsis \[[@b29-medscimonit-24-1321],[@b30-medscimonit-24-1321]\]. In addition, we think that high carbapenem resistance rates of bacterial flora of our ICU may have contributed to the higher mortality.

There were some limitations for our study: 1) Results may not be valid for all centers because the study was done in a single center and there may be local differences between institutions. 2) This was a retrospective study; therefore, a prospectively designed study may increase the strength of our findings. 3) This study included a heterogeneous population with different causes leading to ICU admission. Conducting studies on more specific groups may contribute to determining other predictive factors. Although antibiotherapy cannot be specified according to susceptibility of the isolated microorganism strain, it can make a significant contribution to forming local guidelines.

Conclusions
===========

Although our study is limited due to its retrospective nature and the fact that VAP is very common, the results show that the causative microorganisms of VAP vary in patients according to length of hospital stay.*Acinetobacter baumannii*, *Pseudomonas aeruginosa,* and methicillin-resistant*Staphylococcus aureus* (MRSA) were the most common causative microorganisms for VAP. Information on the causative organisms of VAP in our hospital and their antibiotic susceptibility profiles, with the regular monitoring of resistance patterns, is important to make more effective antibiotic choices in initial empirical therapy.

Resistant bacteria may be present in early-onset VAP. Especially, taking LOS into consideration may improve estimates of presence of resistant bacteria. Every hospital should monitor its own microorganism flora and rates of resistance to antibiotics. The SOFA score might be more valuable than APACHE II score. Surveilling SOFA scores frequently improves predictive performance over time. Rigid application of infection control precautions and limitation of carbapenem use due to high resistance to carbapenem can prevent infections with resistant bacteria.
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###### 

Baseline characteristics and Risk factors for mortality in patients with ventilator- associated pneumonia.

                                       Total (n=167)   Survivors (n=125)   Non survivors (n=42)   p-Value
  ------------------------------------ --------------- ------------------- ---------------------- -------------------------------------------------------------
  Age (year), median (IQR)             58 (29)         56 (27)             60.5(33)               0.743
                                                                                                  
  Gender (F/M) (n)                     55/112          40/85               15/27                  0.800
                                                                                                  
  Admission place for ICU (n)                                                                     0.237
   -- Community                        54              37                  17                     
   -- Wards                            78              64                  14                     
   -- Other ICU                        24              17                  7                      
   -- Other Hospital                   11              7                   4                      
                                                                                                  
  Reason of ICU admission (n)                                                                     0.512
   -- Pulmonary                        52              42                  10                     
   -- Cardiac                          11              7                   4                      
   -- Neurologic                       25              19                  6                      
   -- Sepsis                           21              11                  10                     
   -- Trauma                           27              24                  3                      
   -- Intoxication                     5               4                   1                      
   -- Other                            13              12                  1                      
                                                                                                  
  Underlying disease (n)                                                                          
   -- Hypertension                     59              43                  16                     0.805
   -- Diabetes mellitus                27              16                  11                     0.072
   -- Neurologic disease               28              23                  5                      0.462
   -- Malignancy                       24              18                  6                      1.00
   -- COPD                             21              14                  7                      0.512
   -- CAD                              17              10                  7                      0.139
   -- CHF                              11              8                   3                      1.00
   -- CRF                              16              10                  6                      0.236
                                                                                                  
  APACHE II score~Admission~           23 (9)          21 (8.5)            24 (6.3)               0.016[\*](#tfn2-medscimonit-24-1321){ref-type="table-fn"}
                                                                                                  
  SOFA~Admission~ median (IQR)         7 (3)           6 (4)               7.5 (2.3)              \<0.001[\*](#tfn2-medscimonit-24-1321){ref-type="table-fn"}
                                                                                                  
  SOFA~at\ VAP\ diagnosis~             7 (3)           6 (4)               8(2.3)                 \<0.001[\*](#tfn2-medscimonit-24-1321){ref-type="table-fn"}
                                                                                                  
  GCS~Admission~                       6 (6)           7 (7)               5 (4)                  0.053
                                                                                                  
  PaO~2~/FIO~2Admission~               247.4±114.1     253.6±116.7         228.8±105.3            0.241
                                                                                                  
  PaO~2~/FIO~2\ at\ VAP\ diagnosis~    140.69±45.2     148.40±44.9         117.73±37.9            \<0.001[\*](#tfn2-medscimonit-24-1321){ref-type="table-fn"}
                                                                                                  
  Duration of MV (day), median (IQR)   7 (4)           7 (3)               6.5 (5)                0.029[\*](#tfn2-medscimonit-24-1321){ref-type="table-fn"}
                                                                                                  
  PEEP (\>5 cmH~2~O)                   154             113                 41                     0.188
                                                                                                  
  VAP                                                                                             1.00
                                                                                                  
   Early (n)                           40              30                  10                     
   Late (n)                            127             95                  32                     
                                                                                                  
  Empirical antibiotic treatment(n)    167             125                 42                     0.449
   Appropriate                         82              64                  18                     
   Inappropriate                       85              61                  24                     
                                                                                                  
  Secondary bacteremia (n)             17              10                  7                      0.138
                                                                                                  
  Use of corticosteroid (n)            22              15                  7                      0.610
                                                                                                  
  Dialysis (n)                         16              10                  6                      0.236

MV -- mechanical ventilation; DM -- diabetes mellitus; COPD -- chronic obstructive pulmonary disease; CAD -- coronary artery disease; CHF -- congestive heart failure; CRF -- chronic renal failure; APACHE -- acute physiology and chronic health evaluation; SOFA -- sequential organ failure assesment; PEEP -- positive end-expiratory pressure; GCS -- Glasgow coma score;

p\<0.05 accepted as statistically significant.

IQR -- interquantile range.

###### 

Microorganisms causing early and late onset ventilator-associated pneumonia according to hospital and intensive care unit admission day.

                        Total (n=167)   Hospital admission day   ICU admission day        
  --------------------- --------------- ------------------------ ------------------- ---- ----
  *A. baumannii*        77              8                        69                  18   59
  *P. aeruginosa*       41              4                        37                  13   28
  *MRSA*                21              --                       21                  4    17
  *K. pneumoniae*       12              1                        11                  2    10
  *MSSA*                5               1                        4                   1    4
  *Enterobacter* spp.   3               --                       3                   --   3
  *S. maltophilia*      3               --                       3                   --   3
  *Serratia* spp.       2               --                       2                   --   2
  *H. influenzae*       1               --                       1                   1    --
  *E. coli*             1               1                                            1    --
  *Aspergillus* spp.    1               --                       1                   --   1

###### 

ROC curve for APACHE II and SOFA score for 28^th^ day mortality.

                          Cutoff value   Sensivity   Specifity   AUC     p Value
  ----------------------- -------------- ----------- ----------- ------- ------------
  SOFA admission          \>6            76.0%       58.40%      0.706   \<0.001\*
  SOFA at VAP diagnosis   \>6            73.8%       71.2%       0.821   \<0.0001\*
  APACHE II admission     ≥21            71.43%      50.40%      0.624   \<0.016\*

AUC -- area under the receiver operating characteristic curve; APACHE -- acute physiology and chronic health evaluation; SOFA -- sequential organ failure assesment; VAP -- ventilator-associated pneumonia.
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